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(54) SEMICONDUCTOR FABRICATION 
METHOD 

(57) Abstract 

PROBLEM TO BE SOLVED: To improve 
resistance to electromigration when forming a 
barrier layer to prevent diffusion of copper 
inside interconnection holes of dual damascene 
structure, by forming a barrier layer on side wall 
of interconnection holes while eliminating the 
barrier layer to be formed at the bottom of the 
interconnection holes. 

SOLUTION: A semiconductor fabrication method 
has a sputtering process for forming a barrier 
layer 10 on the inside wall of a concave 9 which 
is formed through an insulating film (an inter- 
wiring layer insulating film 4, an intermediate 
insulating film 5, and the second wiring layer 
insulating film 6) on a substrate 1. The 
sputtering method deposits the barrier layer 1 0 
on the side wall 9S of the concave by sputter- 
etching the barrier layer 10 piled on the bottom 
of the concave. 
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(57) 
15. 

[jua^ai sffii±©*g^^ (SiHtjBnifi«ii4s 

*lffltt«»l5, JB2 0EMHII6IIII6) izBi&Z ti±W 
35 9 rtffitc^^y ? V >!7l:J:-3TAV7i 1 0£JfcfiJ£ 
"T 5 i*I £ fiSx fc H©«ift# *i vt » c © 
^^•y^ U EflflSJEff 9 B£«*3ftS'<y7j| 

7@ 1 0 *tiffl$-y-5^jgsat*$>5. 




1 

tufH;*;W* y >^I4, »Kl3«ffi«£J«*Sti3^y 

«fE*;W* V >^(4s Bujag«?Lfl5SBt:it«Sns^< 
V TJltm* * ^ * * x s> > 9 Lfc # £ AifE&ttTLffll 

SuEESIJf 

^>^v^*i:4 4*Blliaiilllt«Jrt-J-*xa4:, 

is * m mmmi* , m tzmmi © *$ «t vsnain © « 

X/W* V <fc^T^y T«*^fi£^Sia*<I* 

[»**7] ttE*«ii*}Kj«-raxatt, 

ffiffiS«?L^£KSixSEttHia«fi«Jl««:JE^-rsxa 
BflEE«li«IB»lll±tttE»«?LtJEarai»©xv 

jEBt-rsxai:fr«>a«), 



(2) M2 0 0 1 - 2 8 4 4 4 9 

2 

ft x -y > ^ x * ^ > ^7 0 4 * f * » *4 T ff2 * 

ns d k t-tzmmn i ^e«®*3h*sb©» 

[0 0 0 1 ] 

JStBU BL < Bfi7;i/y7J/>Sti?T#i 
E«S«ji4^r5**»««©«!ii*i£t:B-r«o 
[0 0 0 2 ] 

20 [«£#©&«] s/U^v***^^ ^©^jiEiBt: 
Sit*tSt-f *>3i^^>^ (WTRIEi:ua, RI 
EteReactive Ion Etching ©CT&) J; -^TflOI bfc7 

ifi¥Ttts E«©S*s ttffi©*fl]£k4>fci\ EMS 

«Effije*tSfti:i:*^«flD-r5«lRi^» >K fie*©^;u 
^-h? A^E««t b *«««©Ki^E«^©B#** 

[0 0 0 3 ] d^6©H«K:3*rs— kbT, 

©«***>*t:J:a*JiEI»©SBttlBfb#ttB*lxT^ 
So -entix i^7;i/^>)A0|]2/3©JtffiMt 

^xa»©«ij*»**«ii«*nTv^So 

[0 0 0 4 ] 

;i/^v5/>an«fcS«E»©JBfi!U4s fi£*©:7;]/^-£ 
30 Afi>&E*©R I E^I*i: bfc7-nHr^kJ4±<H^ 

jBT?«»atrftH5#*3i-eft**«^ aw©* 
^Ttt«<fitt«t < * v s - k {in b 

[0 0 0 5 ] ZblZ, T^7;i/f7y>aT"M^tlfe 

jak^^Tv^So *titt, »«?L©ffi»k:*50t:E»» 
fikttRftS»»*64s;^J7^?;i/Il: < toTfid 

T«©«E«*e>J««?L^«^3W»nai-r88c?L©/SBB 

[0 0 0 6 ] ^iT^^^vi/^jfi^J^SIHEiacaJIHS 

(WTCVDiiOOs CVD(4 Chemical Vapor Deposi 
5^ tion©WS) {£^^T*> O < o^fi^&l^t HOT U 



3 

K*iPiB-r«fc»^ j«iiafc:jiffl*"eoii(yft3itff 

[ 0 0 0 7] «JLt©<k$fc* f§*It±© 
©#8M*T*&£ 0 

[0 0 0 8] Sfc, SHKS8©*W K#SISjB£'r*SJ« 

ft«8?L2 2 lT2tf©T/Ii2*i!2 1 1 ©ffl^ L 

" #at*ia;&|q|fc:s)W K2 5 l tf^flBtrjSHI-rSo ^© 
fc«>* ft^7L2 2 lj8g&Tft»^a#$B£bTofco 
[ 0 0 0 9 ] 

«t"Sfc»fctt*nfc*«**«(oiii6»a-eft «k ft 

SHFLT SB ©TJiBE«©ffli:«:JlttL/fettffitcjBfiS;-rs^ 
[ 0 0 1 0 ] m 1 ©*»#BB©BiB*»H\ s«±© 

fcffiScJLfc^fe*!). «8B*ny * y itufBft^ 
JLJSgB^ittt^ns^^y rH«*4*^^^^x^^>^ 
L ft # 6 95 13 a S ?L M 5 *J A ^ fiu IB 31 1*1 BS J* V 7 Jf » 

[0011] ±13* 1 O^WftSKcDKitSaTtts B 

ft^?UffigP tliffiffi^ftS^U 7lfffiS^^ >y 
* 5- > ^ L £ # £ ft*sl7Lffil^:fc «k 3tl*)ffli Iw ^ y 7lfl 

(d t*m ma n * atr c k & < , is «?uasis n 
:^t\ ft m?L ic ■ u $ n 3 mm n t mm l & « 



(3 ) «HB2 0 0 1 - 2 8 4 4 4 9 

4 

8 £ »*a rt» cd E««» t JBdir ft c i: # Wtg t: fc 
«^JSgPK:8ffiUfciBj»»*4^ia^«a^8!Enfc*^ 

[0012112 ©*»fl^fi©KiI:SiStt, *fi±© 

SJttxyf >^l:«toT,' BuISIH]8l5©j£gB 

«a»©rtB*J:vi»iBai*?L©«afcBuK^^y 7i*s 
Lfctt8T«>a«i«Biiefflt:»a*n&^^yT8*jB«« 

[0013] ±fB8 2 ©*#*fBB©«ifi#8rCtdU IH 

ai3©iE§i5 1: mat, stifcs^) t m itmsm \z m^r z> z t 
frs>, jHortaftctrfftasBiOfliBt^^y TB*aufc 

tt»T«ll?LISWfc«J«*tt&^^y7Bt*JRWttt56 

ftflkTL t JBffl ^ n IBtt#)|4 ^> ft ^?L)ggP Jc8ttS b 
[0014] 

^ [«W©*JS©JB«] *fgBJ3©lf§ l©^^f*^M©^ift 

»?sk:«*8i ©*«©»«*, 0 1 commjimmmm 

[0015JH1©(1) ic^-Tctaic, 1 ±lzm 

f£2t\tzTmmmm2iz\^ jiis«MiiB©8i©ie«3 

lettiK 4 , *P^ffi*tJ5M 5 « J:iKBIRR||fiBBI 6 t« 

mm m&mm 4 * * v * ra*«« 5 £ a , * 7 ©ksu 

^ 6±IB8 1©E«3 tS0ara»«?L8#«5J«*nTO 
So C©J:oi3. IHW9l4»7*JAlfft«5L8"C«a* 
tLTl^So 

[0016] 01© (2) , (3) lZ7fs?£olZ, 

y V^tCcfcoT, ±EDflSS9rtffiiC^y7'8 1 0^: 

«ts. ^©ps. ±13^^^^ y >^(t casB®gp 9 
B icitffi * its;* y 78»»* ^ ^'y>X'^>y u & 

5/9 [0 0 17] £©>f tfWb;*^-:/* u f^J^. 



5 

its mi <D (2) IZTTs-r^olZ-, ;nj7|l OtLT? 

>*)i (Ta) *mm-rz>m&. mw^mmi*, mm 

*;i/>T;*> (Ta + ) *««L/TfiEM*fT-5o ^cofts 
>^7T>Ar + )4-Mfg^7L/ScS5 8 B £ 

[0 0 18] ±12;*>'W*xy^>^ffl£ £oTs H 

l© o) tavrjiiic, cawja«9B («stt?us»8 

B) 1 04Bfc*-f£>> L< fcfc«ittTajV>tt 

ffi£ LTn JgJR?Uffi3 8 Sfcr^^U^JB»»*W«t«$* 

38Bl:^y7l|10*«iS*5i^fl!<, &L<li 

m i o*»fiK-rsi:i:*tai7<z)rtffifc:*^<y7« i o 

[001 9 ] ±8B* 1 ©*»ft:«B03HJl*aTtt, JS 
^?LI&^ 8 Bfcit 9$tl5MiJ ^Jitm**^ * * xy 
^>^bft#6»«?L«B8 S*3«fcV» 7 fiBWJT 

■ i o*«ai*-aracii:A*Hrigt:a;So 

T^S»»fcH«®»»T«l*?L8rt©EII»»*»B« 

■rscht-s mmimms B«c«a*ns» i ©esh3 

*^LTl>S»»i:jl«UfcttjS{cSlft?L8rta5©S 

aEtf«tifc»^ »«?ub»8 Bfc#-f Ktwsrsc: 

[0 0 2 0] *^0^0^10^a»ft^®^^ii^ 

1^)4, 02-04®«igXSBfffiia^«t^TBiW*r 

[002 1] H2© (1) -5 k:, EI^L&OJi 

HIBfSHU *»*I?(«ilib7>^^^K ESS (« 
*.tt«7-H«) *#^fi£3ftfcS1fil 0 l±ic, TJfc*6 
SHI 0 2tJBtt-rs« «*K, ^fT^fSmffi^^Xv 
CVDig^fflt\ Sfi^l:TEOS (^h^^h^r 
t»i^7^X7CVDai:J:ot, &fb*> 

3 ixsBMb ^'J3>IBtP-TEOS«t IBtTo :©P 
- T E O S JKIK* ft © - « L T , 7" D -b * # Z 
tC^r h ^ x b * ^ > (TEOS) : StJI =8 0 0 c 
m 3 /m i ntll (O? ) : SE»= 6 0 0 cm 3 /m 
iniSBK «R»ift©ffJj*l 13 3. 2 P a. 

ifiina*4 o o°c. sftja««**7 o owtcKst 

fee 



(4 ) M2 0 0 1 - 2 8 4 4 4 9 

6 

[ 0 0 2 2 ] ±KT»«fi«IKl 021C, »© 

1 0 3SWiK5 0 nm©I^(:Mt§o ^©gfb> 
'J3>R1 0 3 i:LT«U ^J^.tf¥tT 

¥It*77X7CVD8i%ffll\ m 
y^>7> (S iH 4 ) :Sft3 = 2 6 5 cm 3 /mi n 
7>^-7 (NH 3 ) : ii= 1 0 0cm 3 /m xnt 
(N 2 ) : Si= 4 0 0 0 cm 3 /m inhlffl 
70 ^ «KJH»©E**5 6 5 Pal:»Sb&. 

[0 0 2 3 ] *tM\ ±EafbS/U3^«l'l 0 3±tCT 
JBE»i«K/»Stia* l©E«Pa«6«Kl 0 4 4, 
K«fb5/y 3>* 5 0 Onm0l$(:«tlTMt 
£o *©ja«tlfe{*«U -^Jhlts ±lBTi«e*tJJftl 0 

[0 0 2 4 ] *^T\ [E2© (2) "T «fc 5 * 

«l«8K10 4±l:, Ail©* (TJIEttai) 

^LTte, xy^>^t, h'J7WD^^> (C 
H F 3 ) : 8fcfi = 3 0 cm 3 /mi n^ N -t 1 h 5 
D^^>.(CH 4 ) :ii=60cm 3 /mint 7 
;i/rf > (A r ) : «tfi = 8 0 0 cm 3 /m i n h4ffi 
X7f>yjHftO£E** 2 0 0 Pa, ^«?MJ^4 

[ 0 0 2 5 ] ±IBl/^* MB*iSt5o 

30 T% Hi 2© (3) IC^r^olCs ^^^^ U >^tC<fco 
Ts ±ieif§ 1©* 1 0 5©rtI[:^''J7l 1 0 6 4, m 
(T a) 43 0 nm©ip£ £Jf« LTfl£s£ 

o onm&mzizmmisXBmTZo a»«c«b» 

*«Lfc»«c*ftlBtt-rsc k«C < in-si 
[ 0 0 2 6 ] «ftdCT-ffiffl-rs^>^v 9 iJ >^^Slc 
^ VlCj:oT-f *>fb-rS£fcT">xy>ftffifc5iJ»-rs*! 

a 0 ^©>f *>fb^^^^ u >^*«ictt, i^-y-yh 
sat/W7^*smn-i-s^ ^ y v4 

5^ »J{fffl1-^c 



7 

[0 0 2 7] ±ffi* > jr/KP&fc<5'<y 

5 kWs rD-tr^^^tCT 7 ;!/^ > (A 
r) :Si=5 0cmISiA^lkW, 

5kW, 7n-t!X^XI:7;i/^> (Ar) : 
£l=50cm 3 /min, >)xa/\©?cS^V7X1 
jj^ 3 5 0W, £ x;\|:;W ? ^nfi* EP in f £ RS SI 

3-f;H*t2kW, rD-fex^^lcr;i/zf> (a ;<? 

r) :lt=50cm 3 /min, £ 

7^Ii]^ 3 5 0W, ^aiyN^yWrxm^^EP/jnf ^> 

[0 0 2 8] mztgM* ^SiaoT, ltfDKtt 

(tbe») * s a»asns±f3» i <d* i o 5 ©was 

fcffll^ *y=*««E«*2. 8A, ^^*RfB*4^3 

[0 0 2 9 ] jb?^iWl (ttTCMPtl^ 

CMPteChemical Mechanical Polishing ) 

¥Sft*ffoT. 1 (DM 1 0 5 (Z) 

rtgBic±sa«^^^rK* i e>^s»i©Ba«i (tiesb) 
y-taufhTkSRsauni/fc'^i/S ^^x^ y- 

Sfflvv 5JfIgEE;ft£ 9 . 8kPa, WJB^SI©[h3$£»^ 
3 0 r pm, fflm^y K©EKE»* 30rpm, fiJfJg^ J<7 
7iJ-OMai*100cm/min, 5ffJg#HM© 
SJK* 2 5°C-3 0-C^K«Ufco 
[0 0 3 0] 113© (4) ICS-T A-5 H 1 © 

E«ra*6<ti« i o 4±^. ±sbss lcDis^i 0 7*mo 

S«lt6*«-rSifi>SI*»6x tf'Ui£5 0 nm©JPd tJBfiE 

[ 0 0 3 1 ] Jfcts ±13** *:7jeJg«£l 0 8±£E« 
Hffl^flS (ILD: Inter LevelDielectrics film) 40 
10 9*. »A« 5 0 0 nm©*?©P-TEOS«t 

mm?-**, z(D)$mJ5mz±tzmi(Dmmmmwki o 
[0032] «t. e«suib%«§ii o bicx^> 

^*#±S^S*H«6«M1 1 0*. f?'J*(£7 OnmcD 
EE**<Ol(ft^ U3>BWSt5o - 0* Infill M 1 
1 0©fi£fc£aste. ±BBafb*>U3>«tl 0 3 

-tt« ^ jc * ^ > ^ «« ^ * ffl i > r s ±12 * BffilUN 1 

i oizmmim?-> i i i*iiBP-rs. ^cox-y^> 50 



^12001-284449 
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d^^> (CHF 3 ) : St« = 3 5 cm 3 /m int 
T* r 7 7;i/^D^ # > (CH 4 ) : StS = 5 0cm 3 / 
mint, T)VzS> (A r ) : MM - 4 0 0 cm 3 /m 
ink, li (N 2 ) :«i=20cm 3 /min^ 
flHv x^>^f|g0E**9 3. 3 Pa, jgJSffi 
^9- 4 6 0 OWtSSbfe, 

[0 0 3 3 ] m3(D (5) tC^fcfcoKs ±83iB 

jfiMHiefsKi o 9 ±iz±m*mmmi i o^M^m 

2 0Effinifi«lR (IMD : Inter Metal Dielectrics 
film) 1 1 24s 0!IA«5 0 0 nmcDJ5£ © P - T E O 
SItMtSo ^©fi£K»SJi±s3IBl©B3aPa«fi« 
Ml 0 4©J#K#ffifcl^«T-ftSo 

[0 0 3 4 ] *ts yv^77^-8* 

(B 3* f©l/y^hK7X^i; 

ilMill 1 2 lc±IIE«|*S«)atr»2©» 1 1 

3 4Mt^c £ e>tz±BB*Paifi«Ml 1 v 
**£/B^TEi»JHBttlS«l 0 9tcfi«7Ll 1 4t« 

[0 0 3 5 ] ±a3f§ 2 a)E«ajgB«&«iJ» 112, mm 

^V^tf^iC, hU7WD^^> (CHF 3 ) : SEfi 
= 30cm 3 /mint f^7;^n^> (CH 

4 ) : 8ES = 6 0cm 3 /m ink, r;V^> (A 

r) : »I= 8 0 0 cm 3 /mi nk£flH\ xy^> 
?mm^(DE.±J* 2 0 0 P a, StEfflje«:^-5'C^»S 
L^o 

[0 0 3 6] W^Mkt^Igt'$)5^' , J 

[0 0 3 7 ] i4© (6) C^tJ:^:, 7.*v * U > 
^:J;oTs ±f3SM^?Ll 1 4 <Z)fl|fi# «kTfii>«t < 
±I3£2a>»l 1 3©«S£> 0>J*«*>*A/ (Ta) 
4 3 OnmcDJl^tztiftLT, ^'J7)| 1 1 5 *M&t 

& 0 ^©teofitM-ett, mmimui 1 4Bi:ii^y 
71 1 l 5#»tfSiifcoJ;Sfc, WililifitAC^ 

[0038] >f *>fb^^y ^ u >* r *fflus»-&tc 

«U fift^JSSl 1 4Btit«*ixfc^tyr«l 1 5*5 
»**tiSi:lRllRflci«jEai 1 3Bl:*«SHfeMy7 
» 1 1 5 bZJiy 9 y ^^StLTHftfiSflSRltEfttfft 

So s«i o i t^w^^sEpsp-rsKpai: 

1 4 B0'<y 7JB 1 1 5<DZ^'y 9 y >#%tmffltzz 
[ 0 0 3 9 ] ±!3^y nS©/j£J3!llfef*i:LT{is iS*co 
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flg©EA (7Dtx*7 tcm^sr;!/ 3>tf*(Dm 
=f> (Ar) £flHv DC/^-^lkW, iSia^^>f 

ow, sts^w 7^*EPSn-rs^pat!i^* 7 5 

U 71 1 1 5h LT*>3?;i/ (T a) £{£81?" 
*HJ©KfJ>BBU ££10 1 fc/WT^SHJSnbftl^-fe 
;i/7;Wr^OttJBTfiEJK*^5o ^©SL SSI 0 1 

iv^c^'yri i i 5 icfj^^-y-T^^^^^^-^v^ 

1 4 B©^' V b < (iffife-raiV^ttJB 

^bT, SM7LIIS1 1 4Sl:MV7l 1 1 5*Hifi* 

■ 1 1 5*lt«*#SCi:«c<, *L<tt«3:i:A,£«MI 
£-t*SC:*:fc^ JgiRJLflJSl 1 4 SKMUTJi 1 1 5 

*:*:*£* 2 ©»l l 3 ©i*jffl£&M V 71 
• i 1 5 ijgfiE-r-Sp 

[0 0 4 1 ] mz, M4C0 (7) t^f^?^ XStv 

*$«fctf±JB*2 ©ill 1 1 3©rt®£j* ^y- KJI (0 
T^lT) £s PUKJB* 1 0 0nm©JP££J#«bT7g 

1 0 l**ft*fcBB»-ri»c:i:*i:<, i^toftSin-s 
i t uTillRfl9t:JBfiS-rs^i:*s»*U^o 
[ 0 0 4 2 ] *tc s mSI^ y+atlioTs ^2CD«1 
1 3rtSI5i:S8c?L 1 1 4 rtSB tcffl*iIg>&tro *©& 

C©*»***jfcfr«u 11913*1 ©IBM 1 0 7£}fctt-r 

[0 0 4 3 ] CMPiCctoT. *2©igl 13* 

•^i*WMij7ll 1 5£*2©E«SJfRa*fi*i8il 
1 2*E#BtB-rs$-C»£bT, ilffi©¥±lfb£fT 

*©*S»* *2©»1 1 3|*iS8tttlH^ 
££*2©E*.a (±JiiB«g) 1 1 6#7R/a£;fU jg^ft 
1 1 4©|*|»fc:ttiH;rf 'V*)S*>£&3&©T-* 1 ©E» 
1 0 7 i:*2©ES81 1 6 i:$MU7l 1 1 5*^^f 



(6 ) «PW 2 "0 01-284449 
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icSJKrsr^yi 1 7^JBfiE*ttSo 
[ 0 0 4 4 ] ±E»2©E»1 1 6 4«5*©T- 

»©»{bUS±J»i:UT«lffi-rs*^yrMl 1 8*. tf'J 
ifcttMb y 3 >* 5 0 nra0f^i;«S LTMt 

So 

[ 0 0 4 5 ] ±83*lCD*Jfi©i^)»"eg«l5Lfc«ii»a 
Ttt, g^JUSSBl 1 4B£«M*S*lS;tyrJil 1 5 
fc^W^xy^V^ bft#e>ig^?LflJS 1 1 4 S&J; 
15*2 ©ail 1 3rtSl:A)j7ll 1 5^itg^t^C 
70 i:*sqIffit3tt5o *<Dlttb, JiVTMl 1 5©<fc-5fc5l 
M»»*»tr-i:tt<. Slft?LJS»l 1 4 BfcBfflSft 
S*f*3k 1 ©Si 1 0 7 ^MLTl^fffl 

fcH«©«tt-e««?Li i 4rtcDE»*r»**^-rsc: 

hT% 8HK7US81 1 4Bt«m^*XS* 1©E*1 0 
7tJB«bTV^«#»i:ai»LfcttttK:lS*?Ll 1 4 ft 
^©E^W^^^fiK-rscifc^Rjffi^JteSo bfctfo 
T, S«?L1 1 4rtfcraja3ftfcE**mfr&*l©E 
il 0 7;SlS^««#**lfc»^ g^?LSSPl 1 4B 

[ 0 0 4 6 ] * 2 ©*»©»«** 0 5-EI6© 

»»X8Wffll8£J:oTlftre-r5. £©*2©*K©Jg 
JBT«\ buIB^ 1 ©jfc*©J&«T?»IBbfc* 1 ©E»RB 
161110 4, *2©EttH*ft«Ml 1 2*5<tVEttJB 
1*61110 91:, P-TEOSi0ftfc9t, 

feftlt^-To ffi»«*Mt«4s SiOFIC^^^ni) 

[0047] 05© (1) JC^-T^d^s iuIB* 1 ©^ 

t«:5S« 1 0 1 *Wtf£?2>o *lcS|R 1 0 1 ±(C S T 

1 0 2*. «iltt, P-TEOSJRtMt 
So ±BBTflMe«JBl 0 2±C, ^©l^tJc^:^ 

mo* b y ;m t Lxmm? zmitis v >m 1 03^ 
[0048] ±Eafb*>u j>ki 0 3 ±izm 

1 ©ElftntKttM 12 1^. ^Ji«*«S©ie«IKTJB 
icioT, #y r ^;i/©ct o 

fl5Ls *a74«ilf4 0 0XTff9C^i3^oT^lS 
t5c ±8H* 1 ©E»Pa«S«lKl 2 lic^s BCB (bi 
s-benzocyclobutene) x ^ U 4 X h\ ^r-fe 

[0 0 4 9 ]*!;, ±83* l ©Eil9PJI*fi»IS l2lli: 
50 a-F7^^ (BI^-y-T) *CT^iitffifb*> U3>!ST-JB 
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]«■*-&. d©»ft*> 'J3>itt, «iB77X7CVD 

^Ctots ttfb*>U3>*«*K2 0 0 nm©Jl£tl 

U3>©ffitx Btft^>U3> (SiC) , 2fbS/y=i> 
(S i N) s ttfbafb^u =i> (S i ON) . MSO 

[0 0 5 0 ]*t, l/y^W^ VV^7 7^~}$I 

ctoTs mi(Dm^ (Tisi) 4ti#>3A*??f! i ©?g 

YmZ^z?\zm^fzmfi&J*>^y^>V& 

iiaot, a- f^***:* i oiB»*a»iitpai^ 

ti, x^>mtb'j7WD^^> (CH 
F 3 ) : mm= 3 0 cm 3 /mint ^ h ^y)l*v 
^ ^ > (C H 4 ) : 8ES = 6 0cm 3 /m ink. 
:J> (Ar) :Ii= 8 0 0 cm 3 /min^^l\ 
xy^>^*Bft©EEA* 2 0 OPa, SSSfi* 2 5 

[ 0 0 5 1 ]ft{:i/y^ h«#W*l,fctt!BTN ±13^ 

■W«*r*4©» 1 ©Kj8BBIS«IR I21i:|l ©13*g (T 
■Eft) ^MtSf;i?)©ll©gl2 2^Mtl)o 

Zltn^V^pu bn>±tDI (E CR : Electron Cyclo 
tron Resonance ) 77Xvxyf >^f ai 
v7>?tfZK.s 3US (N 2 ) k^y^/i (He) k4 
x^fVy'IigCE^^lPa, v>f^Difi« 
*r*l. 0 kW s ;W7X»fllttt*t 3 0 0WtKS 

[o o 5 2 ] jk^-c* mzmi<Dnffi.<Dfimx*mwistz 

7D-b7kHS^ 7;t^ij>y(aot, ±13311 

©?g 1 2 2 CflltMiJ?! 1 2 3&mz-l£$>$ lb 
(Ta) 4 3 0nm©)f^l:lSlTML^ 
7^y-Fl (0^H*-r) 40J*.tfgPI4 1 0 OnmCDil 
3fcJt*LT»BaE-r*. ft*, 

^^>-Fl(t 1 2 3 £0KfljjLfc&tC 

*«W»-r*^kft < V^to*S i n - s i t uT-il^fiK 

[0053] ?*icme?^ ^^siaot, ±SBi?ii©3i 
1 2 2 ©F*osP4#t?ii! 1 0Bmmi*fi«M i2i±t, n 

CMPat^ot, *1©812 2 ©rt«W^tUKfll* 

^TOo *CD*S** W 1©» 1 2 2©rtSfclH^ **JB*> 
*>ft£l8 1 ©ESS 1 2 4WJiV?m 1 2 3 S^LTJBfiK 

[0 0 5 4 ]*C, II a)£«H%HK 1 2 1 ±(C S ± 
E» 1 ©E« 124*So^t«y ^fiftM 1254, ffl 
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*«afb*>u=i>iiiit?«j*-rsc©*^ yymmm 1 2 

t£ 5 0 nm©fl^£ff2jE£2*VtU& 0 
[0 0 5 5 ] friz. ±83*** r*ft»JK 1 2 5±£Ei» 
JIISIJ£$ii£ ( I LD : Inter LevelDielectrics film) 
12 64. M^a5 0 0 nm©S^0««^«SHTi 
JEfi-TS. fiSIFI«i!12 6^, PUKtfV 

7y-;i/x-ril/T«t5S6i:lt ±13^ 1 ©ESI 
1 2 1 kl^«©fiEJK*ff^«t^Tfl5fiKrSo 

j<? [0056] mz, mmmmmmi 2 6±£*Kme« 

Ml 2 7 4. «*.«5 0 nmCDEEjjZ (Dmibis V zi >m 

-emtit+z* ±u*pmmmi 2 at, ^v^>?<dj\ 

-K^^^kLT««6-rskk4)l3xy^>^^ h 
4:lt©«ft**fcto ±IB4>IHII6ttMl 2 7cd^JK^t 
tWkbTti* 7D4?7^^i: : ey^7> (siH 

4 ) k-Kfb-SJiS (N 2 O) k*ffiVu StEMJS*3 

5 OX, fiUBWHft©ffi**l kPatRSUfc, 
[0 0 5 7] Sfr8B*2©HJII©JBJBkRiat:b 

ts tpm&mmi 2 7 ±izm2<Dmmm&mmi 2 8 

20 4. W^ii^UTU-;^— ^;i/(D<fcoftW«ltJ*44 3 
OOnmCl^CMtSc ^ ©J&il^teu — « k L 
T±KBJMJinJfiJMtl 2 BkRiOjfetttS^iiJ: 

[0 0 5 8 ] ±8BSS 2 ©BMHI&lillt 1281 

fc, «AK»ft^y3>i|l 2 9*0J*.«2 0 Onm© 
JPSfcUKJiKU $ t>lzm<h*sVz3>mi 3 O*0»;t«3 

"T^o ±iaffifb^V3>^l 2 9<Z>JBJSK*Wi, S5I3-* " 

m*mm 1 2 7 kiejuft^^^T^t-eck^pjt^T 
30 $>z>o sfcttfb^ysvjKi 3 0(i, fuf3ff§ 1 ©n^© 

JEJB-eKWLfea<b^V=i>lllll 0 3 k^«©fiEK*{* 
[0 0 5 9 ] 0 5© (2) M^Tctai^ Uv* 

•taaattai^^-v (iii^-s-r) zbj&t&o ^© 
iiaot, aft->U3>Bii 3 otsi^*-> 1 3 2 

[ 0 0 6 0 ] *UT\ l/y^M$ia^)l/y^Ml 
3 3*JBfiSLfcgL 'JV^77^Si(a^T, 

^ni 3 3 t««?L*»j«-rafc»©»*?L^^-> 

1 3 4^Mtl)c f©uv7 MSI 3 3 4 x^^ffl 

>H12 9 t3jg$c?L^?-> 1 3 5 zmm,t&o 
[0 0 6 1 ] ^^ic, [216© (3) t^tiots ±S3 
»fb*> U 3 1 2 9 ^V^^Cil-^^ttx -v^> 
^4tToT, ±83SB 2 ©iE^P^Wf M 1 2 8 tcJg«?L^ 
1 3 5 4 5E^LTJKfi£-rSo C ©fe e (b v V 3 >JH 
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12 9<D*y3->?$kft-<D — mk. LTti, SuIB^-h'^ 

§ s ±ffiS5 2©E«H*6Sl« 1 2 8©^^^>^^J 
kLT&iiufESS 1 CDHE^ra«6«SJK 1 2 lcDx^^>y^ 

^M(iWWfflT^l)fc^ &2<z)EffiHt&ftiRl 2 

8(Z)ai^^>^{CcJ:oT^±{CP**^tL^o ^©£#K 
fr?i&g#&^o 

[0 0 6 2] Jfclc, ±I3gfb^> U ^>J3M 30^?^^ 

^mmmmi 2 7^^^^>^t^ 0 

[0 0 6 3 ] ^©*SJH, 16(D (4) ^^£9^ ^ 
<b^> 2 9 M3l^-> 1 3 Gt^m^tl, ^ 

^MiMl 2 7icJg^?L^*-> 1 3 SifimSmtiLZtl 
Zo ZtDWtlh^V ^>JK 1 2 9©xy^>ygfeft(0-t« 
tttlt ME-"- Kv^fcJitf^FEgjSSJKl 2 7© 

[0 0 6 4] ±IBa<b^ , J 3>«Jtl 3 0 CSusBEl 

6 (3) #hrd $77^i:liV;X7f>^;J;o 
Ts S2©ffi«H*ft»Kl 2 8^±»iBJ»*^fi6-rsfc 
#>©Sf§20??il 3 7*JBJ«-r 5tk*^ ±824^*6*1 
Ml 2 7^V^^i:ffil^:x>^>^tJ:oT, EfilUi 

mewm 1 2 6 izmmi 1 3 8 *Mts 0 ±iBiE^a 

Mill 2 6©x^^->^ff©— WkLTliSSE* 
KDiBltnifililKl 2 10x^>^tttB»©*tt 

[0 0'65] &£ N Bfb*>y 3>|R1 2 gfcJiV^HUS 
JjtJgl 1 2 7t?7^tfflVMfcxyf->^l:J:oTs 

Hy^^hUTffl^fcift^'JnvIlSO CftJe3H6 
© (3) #bs] k«JK?L 1 3 8©K»OBft5/ V nvffit 
*6 3** 1 2 5*|»Stl>. Z<D*v7 

lfe*fl«lll 1 0l:8«a;^-> 1 1 l*B8P-r 

[0 0 6 6 ] S5SB*l^*J6©^jBTttWLfc 

ot^iats ^'J7i, iH^-KH^ a^y^i* 
l^ssai 2 4ictg^-r^T^^ (H**r) *jb 

2 ©iBl 3 7©rt85fcgS2<aE« (± 

/■ess) (H^-y-f) *JBfifi-rs. 

[0 0 6 7 ] ^©^2CD^j5E£DJBffi^*>l^T*. JgS?L 
1 3 8*5cklf»2©»l 3 7 lZMUrJi*^fSi1-SI«^ 

■So 

[ 0 0 6 8 ] &(c. *#feria©S 2 0^*<*Ss»©Slii;& 

L T ; < U 7 /I © Die il & £ J£ # I? i 5 © t\ f0M7D 
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[0069] 2 (D^mfcmmvm&xmzm 

©£ 9 fclBlSH**^ y * V 

[o 0 7 o] ±ga»ig:*are*K aV71^mi^ 
fcffl->- Fi^Mts*^ ^cDPS(-iis IBS'— KB© 

fe8&i±Sfi«^a^BB»'a-r, l^Sin-situ 

*-Ai:M'j7l^x^>^S^h^T'^ft> 

in-sit u icaJSjEdUIgf ftt£ «tt\ 
[0 0 7 1 ] KC S ##glJI3©¥*<*:«B©8fig#a5£« 
S«^J6©?BSSt*5^T. *fifl*6S«il 10 Ciiu8BEI3 

©( 5 mwj s ^r^^M 1 2 7 cikjieu 5 ©( 1 )# 

30 [ 0 0 7 2 ] +H*fij»Mt3Kfb->y^>K*fflt^fe»^ 

t^V^A (He) i:hy^f;k>7> C (CH 3 ) 3 
SiH) x^>^fiS©ff^^ 6 6 7 P 

aCH^L> x^f >yjSl0»H»^7-*3 0 0W 

[0 0 7 3 ] ±E*MJe«M*K/b^y n>7??gJ5E'rs 

:hiaot, tztz. mmiim^cD^VTmtt^iz 

So 

[ 0 0 7 4 ] ^ ^ (I, ^zLyji^^iyyya^^izmm 

t^tifgiii 10 cfuiBn 3 ©( 5 \ 

mmi2 7 CtulSH5©( 1 )#JHD Iw^y^ttOJBottt 
fbvu=i> (Sic) ^ftfbffifbs/u=3> (sioc) 

«t v * 5 js to a * ft & si rt iz m m * n s m d s eh ib 

5^ k^T'lS, 
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[ 0 0 7 5 ] Sfc, ±E**JB©«fflT?tt, MUTJflC 
^>^;u (Ta) *H©i£»*l»<-«ffi4 
HT&&1b*>*fr (TaN) s (Ti) , ^{b 

(TiN) . 9>>?Xt> (W) s gfb^>^^ 

^> (wn) m*m^zzt&vjnzT'$>&o 

[ 0 0 7 6 ] Sfe, ±J3S^ffli©^Sgtts V> 
[ 0 0 7 7 ] 

ihibr mmm 

mzti&ji u 7Ji*m* * ^ * * x * > ^ # $> na 

[ 0 0 7 8] *%W©^2©*#f*:«11©Siii^?£^«t 

t: a u 7 a ft a u it « as t g & ?l jk sb 1 3 ^ m $ n fc / * u 
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7m*mm^fcffiik-?z>ztftT-%z>o *©&«>, mm 
bfb^^a-r^- h^T^^o 

[HScDffiS^^lttB^] 

[02] « i(Dnmmm*^?mmjLMmmmx'& 

[03] *l©llfl50JBJIB**r«iiXfiifSiaTS> 
[15] m2 0*tt®JgS«9?H£xaKBB|-C& 

•So 

[0 7] RIIH«Ki!rs*i««lJS>rIBB|-Cft%. 

1 4-E»»H««BI. 5-*H*»»§L 6- 

Btftiaieftllt, 9-CaBPs 9B-IH»fflS«» 9S-C3BB 
AOS, 1 




251 231 211 



(11) 



ftffl 2 0 0 1 - 2 8 4 4 4 9 




(12) 



^112 0 0 1 - 2 8 4 4 4 9 




7D > b^ — ¥<DM% 

F*-A(#%) 4M104 BB04 BB14 BB17 BB18 BB30 
BB32 BB33 CC01 DD04 DD08 
DD16 DD17 DD38 DD52 DD75 
EE14 EE15 EE17 EE18 FF17 
FF22 HH01 
5F033 HH11 HH18 HH19 HH21 HH32 
HH33 HH34 JJ11 JJ18 JJ19 
JJ21 JJ32 JJ33 JJ34 KK11 
KK18 KK19 KK21 KK32 KK33 
KK34 MM02 MM12 MM13 NN05 
NN06 NN07 PP17 PP27 QQ09 
QQ12 QQ13 QQ28 QQ31 QQ48 
QQ98 RR01 RR04 RR06 RR08 
RR09 RR11 RR21 RR22 RR24 
SS02 SS04 SS15 SS22 XX05 



